The amplitudes for virtual Compton scattering o protons are calculated within the framework of the diquark model in which protons are viewed as being built up by quarks and diquarks. The latter objects are treated as quasi-elementary constituents of the proton. Virtual Compton scattering, electroproduction of photons and the Bethe-Heitler contamination are discussed for various kinematical situations. We particularly emphasize the rôle of the electron asymmetry for measuring the relative phases between the virtual Compton and the Bethe-Heitler amplitudes. It is also shown that the model is able to describe very well the experimental data for real Compton scattering o protons.
I. INTRODUCTION
The understanding of the structure of the nucleon is a fundamental task of particle physics. Instead of inclusive reactions where the various nucleon constituents contribute incoherently, one may use exclusive reactions to study the structure of the nucleon. The simplest exclusive quantities are the electromagnetic form factors of the nucleon, which can be measured in elastic electron-proton and/or electron-deuteron scattering. The cross section for unpolarized elastic electron-proton scattering is well known up to a momentum transfer Q 2 of 33 GeV 2 [1] . For large momentum transfer ( 8:8 GeV 2 ) only the magnetic form factor of the proton has been determined because the contribution of the electric one is suppressed in the cross section by 1 =Q 2 . In a recent SLAC experiment [2] . The data on the neutron form factors is very poor at large momentum transfer.
The next simplest process to probe the structure of the nucleon is Compton scattering o protons at large momentum transfers. The cross section for real Compton scattering has been measured up to initial photon energies of 6 GeV [3] . The process ep ! ep oers the possibility to study virtual Compton (VC) scattering and its interference with the Bethe-Heitler (BH) process. At present there is no experimental data available. In the near future, however, CEBAF will oer the possibility to measure the process ep ! ep for incident electron energies smaller than 6 GeV [4] . The investigation of the high energy region requires a new type of electron accelerator [5] . We note that the BH contribution to the procces ep ! ep is well known [6] .
The general framework for calculating large momentum transfer processes has been developed by Brodsky and Lepage [7] . Using the QCD factorization theorem for exclusive reactions [7, 8] , one can write baryon form factors and Compton scattering o baryons as multidimensional integrals over a product of distribution amplitudes (DA) and elementary amplitudes which represent the scattering of constituents in collinear approximation. A DA is the valence Fock-state wave function integrated over transverse momenta k Some information about DAs containing the non-perturbative p h ysics, is obtained from QCD sum rules [9{11] and from lattice gauge theory [12, 13] . The absolute normalization of the nucleon wave function has been estimated: QCD sum rules provide a value of f N = ( 5 : 0 0 : 3) 10 has been obtained from lattice gauge theory. Also the moments of the nucleon's DA h a v e been calculated up to order three. These moments are used to constrain the rst ve coecients in an expansion of the DA o v er the eigenfunctions of the evolution equation which are linear combinations of the Appell polynomials. It is obvious that the DAs do not unambiguously follow from the few error-burdened moments provided by QCD sum rules or lattice gauge theories (a careful analysis of this problem has been performed by Bergmann and Stefanis [14] ). Therefore, the DAs to be found in the literature, e. g., [10, 11, 14] are to be considered as models. Anyway, the striking feature of these DAs is their strong asymmetry which gives preference to positive helicity u quarks in positive helicity protons. The asymmetry of these DAs is the source of theoretical inconsistencies in applications of the Brodsky-Lepage model, because it strongly enhances the contributions from the end-point regions where s is large and, hence, the use of perturbation theory is unjustied. Recently it has been shown [15{17] that perturbative calculations become theoretically self-consistent for momentum transfers as low as a few GeV 2 when the transverse separations of the constituents as well as a Sudakov factor, comprising gluonic radiative corrections, are taken into account. If one also includes the intrinsic transverse momentum dependence of the hadronic wave function perturbative calculations may become self-consistent e v en for momentum transfers as low as 1 to 2 GeV 2 in the case of the pion [18] and at about 7-9 GeV 2 for the nucleon [17] . On the other hand, the inclusion of the transverse degrees of freedom and of the Sudakov factor leads to substantial suppressions of the perturbative contributions in the few GeV region which are particularly strong for the asymmetric DAs.
To leading order perturbation theory many processes have been calculated within the standard approach of Brodsky and Lepage [7] , among them is the pion's form factor, the magnetic form factor of the nucleon, two-photon annihilation into meson pairs and into proton-antiproton as well as Compton scattering o protons. To next to leading order in s only the pion's form factor and two photon annihilation into meson pairs have been studied. It was shown [19] that the corrections to the lowest order predictions for !M Mbecome suciently small ( 25%) only for very large center of mass energies p s 10 GeV. Other important reactions like elastic proton-proton scattering seem to be beyond feasibility with present-day techniques of computing very large numbers of Feynman diagrams. There are also unsolved theoretical complications with pinch singularities [8] .
There are two c haracteristic features of the Brodsky-Lepage model, commonly termed the hard scattering approach (HSA): the dimensional counting rules and the conservation of hadronic helicities. The latter feature implies that any helicity ip amplitude is zero and, hence, any single spin asymmetry too. The helicity sum rule is a consequence of utilizing the collinear approximation and of dealing with (almost) massless quarks which conserve their helicities when interacting with gluons. Whereas the dimensional counting rules are in reasonable agreement with experiment, seems the helicity sum rule to be violated by 20 25%. For instance, the polarization parameter P in elastic proton-proton scattering is by no means zero. On the contrary, it is rather large (20 30%) at moderately large values of momentum transfer (p T > 2GeV=c) [20] . Even worse, the data show the tendency of further rise of the polarization with increasing p T . Such peculiar polarization phenomena have also been observed in many (moderately) large p T inclusive reactions like h yperon production in nucleon-nucleon collisions or pp ! X [21] . The prevailing opinion is that also these phenomena cannot be explained in terms of perturbative QCD (see, for example, Ref. [22, 23] ), rather they are generated by a n i n terplay of perturbative and non-perturbative physics.
A model which takes into considerations non-perturbative eects, has been proposed by us in a series of papers [24{27] . In that model baryons are viewed as made of quarks and diquarks, the latter being treated as quasi-elementary constituents which partly survive medium hard collisions. The composite nature of the diquarks is taken into account b y diquark form factors. Diquarks are an eective description of correlations in the wave functions and constitute a particular model for non-perturbative eects. The diquark model has been applied to a variety of processes and successfully confronted to data. Among these applications is a recent study of the nucleon's electromagnetic form factors [27] . In fact, predictions are achieved for both the magnetic and the electric form factors. For the latter quantity no result is obtained in the pure quark hard scattering model because it requires helicity ips of the nucleon and, in so far, the electric form factor or better the Pauli form factor, also represents a polarization eect. In the diquark model helicity ips are generated through spin 1 (V) diquarks. The diquark model is designed such that it turns into the theoretically well established pure quark picture asymptotically. In so far the pure quark picture of Brodsky-Lepage and the diquark model do not oppose each other, they are not alternatives but rather complements.
The purpose of this paper is to discuss virtual Compton scattering o protons and its interference with the Bethe-Heitler process where the photon is emitted by the electrons (see Fig. 1 ). The Compton amplitudes are calculated within the framework of the diquark model with the parameters taken from previous studies [26, 27] . Real and virtual Compton scattering are the two simplest experimentally accessible processes in which the integrals over the longitudinally momentum fractions yield imaginary parts. The reason is that there are kinematical regions where internal quarks and gluons can go on mass shell. It was shown in [28] that the lowest order predictions of perturbative QCD for photon induced processes need no resummation of Sudakov corrections. The essential point is that the singularities do not pinch as is the case in baryon-baryon scattering. The appearance of imaginary parts to leading order in s is a non-trivial prediction of perturbative QCD. The process ep ! ep with polarized incoming electrons oers the possibility to determine the phases of the Compton amplitudes as a function of the center of mass scattering angle, by investigating the interference of the virtual Compton with the Bethe-Heitler process. In principle, the measurements of other spin observables through the use of polarized targets and polarized beams would oer further possibilities of crucially testing the applicability o f the HSA in the few GeV region. The process ep ! ep has been studied in the framework of the pure quark HSA by F arrar and Zhang [29] . Real Compton scattering has, on the other side been investigated by t w o groups [29, 30] . Unfortunately, the results obtained by the two groups deviate from each other substantially. It is suspected that the discrepancies are caused by an improper treatment of propagator singularities in [29] . The kinematical exibility o f ep ! ep allows to test the predictions with respect to the virtual photon mass, to the center of mass energy and to the momentum transfer.
In Sect. II a detailed discussion of the kinematics and the various observables of the reaction ep ! ep is given. A short description of the diquark model for exclusive reactions is presented in Sect. III followed by a brief discussion of the results for real Compton scattering (Sect. IV). The predictions for the cross section of VC scattering and for the unpolarized cross section of the photon electroproduction ep ! ep are discussed in Sect. V. This section also includes a discussion of the interference between the VC amplitudes and the BH ones. The case of polarized electron beams and its physics implications is investigated in Sect. 6. The paper terminates with a few concluding remarks (Sect. 7).
II. KINEMATICS OF ELECTROPRODUCTION OF PHOTONS
The process e p!e p receives contributions from the VC and from the BH processes. The kinematics and the helicities are specied in Fig. 1 . We w ork in the center of mass (CM) frame of the nal state photon and proton. Neglecting the electron mass the dierent particle momenta can be chosen to be The other frequently used reference frame is the laboratory frame dened by p = 0. In that frame one has the following useful relations:
where k 0L and k 0 0L are the energies of the inital and nal state electrons in the LAB and L e is the electron scattering angle. >From the theoretical point of view the most signicant variables are the invariants s, t, Q 2 and the polarization of the virtual photon in the VC process
The unpolarized dierential cross section for the reaction ep ! ep can be written as 1 8 correspond to transverse polarization of the virtual photon and 9 12 to longitudinally polarized photons. In the real photon limit the latter four amplitudes vanish. In that limit time reversal invariance reduces the number of independent amplitudes even further: ( 7 = 3 ; 8 = 4 ). The VC contribution to the ep ! ep cross-section can be decomposed as follows d
where the partial cross-sections read: i) The cross-section for transverse photons (which, at Q 2 = 0, reduces to the unpolarized cross section d=dt for real Compton scattering) For large t the contribution from the electric form factor is suppressed by the factor as compared to that from the magnetic one. The interference term between the BH and the VC contribution is a very lengthy expression and we refrain from showing it. Similar expressions as (2.14) and (2.23) hold also for polarized cross sections. However, most likely only the polarization of the electron beams can be used at high energies. Therefore, we refain from discussing polarized cross sections in this article with the only exceptions of the electron asymmetry A L obtained by reversing the helicity of the beam electrons, and the corresponding proton asymmetry. The discussion of these asymmetries is postponed to Sect. 6.
III. THE DIQUARK MODEL
In the hard-scattering model of Brodsky-Lepage [7] the process p ! p is expressed by a convolution of DAs with hard-scattering amplitudes calculated in collinear approximation within perturbative QCD. In a collinear situation in which i n trinsic transverse momenta are neglected and all constituents of a hadron have momenta parallel to each other and parallel to the momentum of the parent hadron, one may write the valence Fock state of the proton i n a c o v ariant fashion (omitting colour indices for convenience)
u is the spinor of a proton with momentum p and helicity . The two terms in (3.1) represent congurations consisting of a quark and either a spin-isospin zero (S) or a spin-isospin one (V ) diquark, respectively. The couplings of the diquarks with the quarks in a proton lead to the avour functions
The use of covariant spin wave functions has many technical advantages. For instance the calculation of a large set of so-called elementary amplitudes is avoided, one immediately projects onto hadronic states. Another advantage is that only hadronic quantities (spinors, polarization vectors, and so on) appear. The DA ' S(V ) (x 1 ), where x 1 is the momentum fraction carried by the quark, represents the light-cone wave function integrated over transverse momentum and is dened in such w a y that
The constant f S(V ) acts as the value of the conguration space wave function at the origin. Representative F eynman graphs contributing to the hard-scattering amplitudes for the process of interest in this article, are displayed in Fig. 2 . The blobs appearing at the gD, gD and Dvertices symbolize three-, four-and ve-point functions. These n-point functions are evaluated for point-like diquarks and the results are multiplied with phenomenological vertex functions (diquark form factors) which take i n to account the composite nature of the diquarks. Admittedly, that recipe is a rather crude approximation for n 4. Since the contributions from the n-point functions for n 4 only represent small corrections to the nal results that recipe is perhaps suciently accurate. The perturbative part of the model, i.e. the coupling of gluons (and photons) to diquarks follows standard prescriptions, see e. g., [31] . The diquark-gluon vertices read (refer to [25, 26] (2 g g g g g g ) (3.5)
As we already mentioned the composite nature of the diquarks is taken into account b y phenomenological vertex functions. Advice for the parameterization of the 3-point functions, ordinary diquark form factors, is obtained from the requirement that asymptotically The asymptotic behaviour of the diquark form factors and the connection to the hard scattering model is discussed in more detail in Ref. [25] .
In accordance with the required asymptotic behaviour the n-point functions for n 4 are parametrized as
The constants a S;V are strength parameters. Indeed, since the diquarks in intermediate states are rather far o-shell one has to consider the possibility of diquark excitation and break-up. Both these possibilities would likely lead to inelastic reactions. Therefore, we h a v e not to consider these possibilities explicitly in our approach but excitation and break-up lead to a certain amount of absorption which i s t a k en into account b y the strength parameters. Actually, for our numerical studies we use [26, 27] ' S (x 1 ) = N S x 1 x MeV and restricted to be smaller than 0:5. The parameters Q S and Q V , controlling the size of the diquarks, are in agreement with the higher-twist eects observed in the structure functions of deep inelastic leptonhadron scattering [32] if these eects are modeled as lepton-diquark elastic scattering. The DAs are a kind of harmonic oscillator wave function transformed to the light cone. The masses in the exponentials are constituent masses since they enter through a rest frame wave function. For the quarks we take 330 MeV whereas for the diquarks a value of 580 MeV is used. The oscillator parameter b is taken to be 0:498 GeV According to the above rules the hard scattering amplitudes for the process p ! p are calculated from the set of lowest order graphs of which a few representatives are shown in Fig. 2 . In fact, one has to evaluate 32 graphs for each of the diquarks, S and V. For comparison, in the pure quark model 366 graphs contribute. The calculation of the 64 graphs has been carried out using the SUN version of FORM [33] . We h a v e c hecked that our amplitudes are gauge invariant with respect to the photons and the gluon. The p ! p helicity amplitudes, decomposed in terms of the various n-point contributions, read i = (4) The factor C F (= 4=3) is the Casimir operator of the fundamental representation of SU (3) c . The n-point contributions generated by the scalar diquarks are explicitely given in the Appendix A. The vector diquark contributions form very lengthy expressions and we refrain form quoting them here; they can be obtained from the authors on request.
IV. RESULTS FOR REAL COMPTON SCATTERING
The results of the diquark model for real Compton scattering obtained from the DAs and the parameters in (3.8) and (3.9) are shown in Fig. 3 for three dierent initial photon energies. Note that in the very forward and in the very backward regions the transverse momentum of the outgoing photon is small and, hence, our model which is based on perturbation theory, is not applicable. As compared to the results presented by Kroll, Sch urmann and Schweiger [25] there are small modications of minor importance due to the use of covariant spin wave functions (3.1) and to small changes of the parameters. For the vector diquark contributions the covariant spin wave functions leads to correction terms related to helicity ips of the quarks. Such terms have been neglected in previous work [25] .
Although experimental data are available only at energies which are at the limits of applicability of a model based on perturbative QCD, the diquark model is seen to work surprisingly well. The results obtained within the pure quark HSA by Kronfeld and Ni zi c [30] are of similar quality. It is interesting to see that our predictions for the Compton cross section do not behave a s s 6 at xed angles and nite energies as the pure quark HSA predicts. The reason for the deviations from the scaling law i s o b vious: the various contributions to the cross section exhibit dierent energy dependences due to the diquark form factors. The diquark model also predicts interesting photon asymmetries and spin correlation parameters (see the discussion in [25] ). Even a transverse polarization of the proton, of the order of 10%, is predicted [25] . This comes about as a consequence of the perturbative phases of the amplitudes produced by the propagator poles and of non-zero helicity ip amplitudes generated by the vector diquarks. In the pure quark perturbative approach transverse asymmetries are zero (for massless quarks).
V. CROSS SECTIONS FOR VC SCATTERING AND FOR ELECTROPRODUCTION OF PHOTONS
In this section we present the predictions from the diquark model for VC scattering. We select two CM energies, namely s = 5 GeV 2 which is the high energy end of the CEBAF accelerator (and is at the same time about the lower limit of the applicability of the diquark model) and a rather large energy of s = 10 GeV 2 which m a y become accessible with future accelerators like, for instance, ELFE.
In Fig. 4 we show The full VC scattering contribution to the cross section for the electroproduction of photons is obtained by combining the results shown in Fig. 4 or 5 according to Eq. (2.14).
Next we w ant t o i n v estigate the eect of adding coherently the BH amplitudes to the VC ones. To that purpose we plot in Fig. 6 the dierence between the full ep ! ep cross section and the VC scattering contribution to it divided by the full cross section. The question of interest is where are the kinematical regions of small BH contaminations allowing to measure the VC process? As can be seen from . Outside the regions of VC dominance we expect, according to the diquark model, strong BH contaminations (see Fig. 6 ). We h a v e h o w ever not observed pronounced interference phenomena between the VC and the BH contributions like the Coulomb-hadronic interference pattern seen in elastic two-body reactions sometimes.
VI. THE ELECTRON ASYMMETRY
The regions of strong BH contaminations oer an interesting possibility to measure the phases of the VC amplitudes relative to those of the BH amplitudes. As we explain in the Appendix some of the internal quarks, diquarks and gluons may go on mass shell. While these propagator poles are integrable they lead to phases of the VC amplitudes. Real as well as virtual Compton scattering are the simplest reactions in which, to leading order in S , such phases appear [28] and are calculable perturbatively. T h us, it seems to us, that measuring these phases is a very interesting check of the hard scattering approach (with and without diquarks).
As a consequence of the phases of the VC amplitudes, the VC contributions to the helicity amplitudes of the electroproduction of photons also obtain non-trivial phases beyond the phases due to the azimuthal angle dependence (see Eq. (2.12) ). In other words, the perturbative phases manifest themselves in the fact that the T matrix is not self-adjoint. For the BH process on the other hand, T = T y obviously holds. As we are going to demonstrate information on the absorptive part T T y can be obtained from the electron asymmetry
where () are the (dierential) cross section for electroproduction of photons with specic helicity of the incoming electron. Since at CEBAF the electron beam is polarized a measurement of the asymmetry seems feasible to us. We emphasize that this possibility of measuring the absorptive part of the T matrix by the electron asymmetry does not depend on our model but is quite general and follows from parity and time reversal invariance merely. A s i s w ell-known a one-particle helicity state transforms under the combined parity and time reversal operation as jk; i ! ( ) j k ; i (6.2) where () i s 1 depending on , the spin of the particle and on its internal parity. So the combined parity and time reversal operation transform a given helicity state into a state with the same momentum but with reversed helicity. If the interaction is invariant under the parity and time reversal operation the T-matrix elements for, say, a 2 ! 3 body process satisfy the relation hk 0 (Fo r a t w o-body amplitude one may also use reection invariance with respect to the scattering plane.) Let us now assume that particle 1 is a spin 1=2 one, say an electron. Then, ignoring all kinematical variables, the cross section for particle 1 being in a denite helicity state is () = X If there would be no absorptive part of T, i . e . , T = T y , then, according to (6.3), the dierence of the two helicity cross sections and hence the electron asymmetry (6.1), is zero. Therefore, the asymmtry measures the non-trivial phase as we claimed above.
Specifying this result to the VC contribution, we nd for the dierence of the two cross sections (using the notation of Sect. II and dropping the kinematical factors) (+) ( ) = 8 s " . (2.18) ) measures its real part. In other words, A V C L measures the relative phase between the longitudinal and transverse VC helicity amplitudes. It turns out, however, that the diquark model predicts only very small values for A V C L . The ultimate reason is that the longitudinal helicity amplitudes are much smaller than the transverse ones for VC scattering (see Fig. 4 ). So the asymetry is essentially due to the BH-VC i n terference where the transverse VC amplitudes do contribute, thereby producing a sizable asymetry. This asymetry is mostly due to the transverse VC amplitudes because, if we switch o the longitudinal VC amplitudes, the result changes by only a few percent.
Another possibility to measure the non-trivial perturbative phase is oered by the proton. One may measure the proton asymmetry or the polarization of the (outgoing) proton in either the electroproduction of photons or (real or virtual) Compton scattering. For the latter two-body processes this asymmetry or polarization is related to the imaginary part of the products of helicity ip and non-ip amplitudes as is well-known. The predictions from the diquark model for the proton polarization in the case of real Compton scattering is discussed by Kroll, Sch urmann and Schweiger [25] .
In Figs In so far we believe that is urgent and important t o explore that phenomenon because it will elucidate strikingly the underlying dynamics of the electroproduction of photons in a kinematical situation which can be considered as a (fairly) hard scattering region.
VII. CONCLUDING REMARKS
We h a v e calculated VC scattering o protons within the framework of the diquark model which represents a particular version of the Brodsky-Lepage model appropriate for moderately large momentum transfer. The diquark model combines perturbative QCD with nonperturbative elements -the diquarks which represent quark-quark correlations in the proton wave function modeled as quasi-elementary constituents. Predictions for the VC-scattering cross section and for the ep ! ep cross section are presented for kinematical situations accessible at CEBAF and, perhaps, in the future at an high energy accelerator like ELFE. It is also shown that the diquark model predicts a cross section for real Compton scattering in fair agreement with the data. We h a v e also elaborated on the BH contamination of the electroproduction of photons which, according to the diquark model, become sizeable for small azimuthal angles. The BH contribution oers also the interesting possibility of measuring the relative phases between the VC and the BH amplitudes. The phases of the VC amplitudes are a non-trivial phenomenon generated by the fact that some of the internal quarks, diquarks and gluons may go on mass shell (note that the ingoing and outgoing quarks and diquarks forming the protons are always on mass shell). The electron asymmetry A L is particularly sensitive to the relative phases and can in principle be measured at CEBAF. The polarization of the outgoing nucleon in (real as well as in virtual) Compton scattering is also a measure for the relative phases between ip and non-ip helicity amplitudes.
A few words about the self-consistency of our calculations within perturbative QCD are in order. As can be seen from (A9) the running coupling constant s diverges in the endpoint regions x 1 ; y 1 !0 ; 1. This is not characteristic of the diquark model, the same happens in the pure quark HSA. As a consequence, perturbation theory looses its meaning as a weakcoupling expansion. This has previously been pointed out by Isgur and Llewellyn-Smith [34] in their analysis of form factors. One way out -actually the one we employ -is to freeze the running coupling constant once it has reached a certain value (0:5 in the case at hand) [35] . In addition we make use of DAs which strongly suppress the end-point regions. The freezing of s introduces a new external parameter. The modied HSA proposed by Sterman and Li [15] , in which the transverse momenta of the constituents as well as Sudakov corrections are taken into account, avoids the introduction of such an external parameter. The Sudakov corrections select components of the wave functions with small spatial separations of the constituents. With increasing momentum transfer the allowed spatial separations are getting smaller and smaller. Asymptotically, only those components remain which are taken into account in the standard HSA of Brodsky and Lepage [7] . The numerical eect of the Sudakov suppressions is similar to that of freezing in s . This has been demonstrated recently in [15{18] for electromagnetic form factors (within the pure HSA). It is claimed that in this way the self-consistency of the perturbative contributions can be reestablished for Q larger than a few GeV without introducing a freezing parameter. We also note that the transverse momentum dependence of the hadronic wave function helps in achieving self-consistency at rather low v alues of momentum transfer [18] . In [27] an analogous calculation for the Sdiquark contributions to the proton form factor has been performed and the authors of [27] arrive at the same conclusion. A treatment of the end-point regions in the manner proposed by Li and Sterman [15] diminishes the results for the form factors obtained with the diquark model by only 10 to 20%. Since Sudakov corrections mainly depend on colour and not on spin a similar behaviour for V diquarks is to be expected. That small suppression can be compensated for by adjusting the parameters of the diquark model appropriately. Eects of similar magnitude are expected for Compton scattering. We consider these suppressions not explicitely but understand them as being absorbed in our parameters. For an eective model as the diquark model is, this procedure is sucient.
APPENDIX A: HELICITY AMPLITUDES FOR q S q S
The process q S! q S only contributes to the hadronic helicity-conserving amplitudes. This implies that 6 of the 12 independent amplitudes (S;n) i given in (2.13) are zero 
The propagator poles are integrable and do not destroy the validity of the hard scattering approach [29] . The poles are handled in the usal way b y using the i" prescription 1
In the case that there is only one pole in the region of integration, the integrals over x 1 can be performed in the following way: Table I . In cases when two propagators go on shell at the same time one has to make a partial fractioning before applying (A12). 
TABLES

